The molecular backgrounds of variants encountered in Afro-Caribbean black individuals and associated with the production of clinically significant antibodies against high-incidence antigens (anti-RH18, anti-RH34) and against Rhe epitopes were determined. We showed that RH:؊18 phenotypes are produced by 3 distinct RHCE alleles: ceEK carrying 48G>C ( 
Introduction
The RH blood group is the most polymorphic and immunogenic blood group. The RH locus is composed of 2 highly homologous genes: the RHD gene, encoding the D polypeptide; and the RHCE gene, encoding C or c together with either E or e polypeptides. [1] [2] [3] Besides the 5 major antigens (D, C, E, c, e), more than 50 Rh antigens, identified by the corresponding antibodies, are described. They are schematically divided into low-and highincidence antigens. 4 Some rare Rh phenotypes are found exclusively in the black population: the RH:Ϫ46 phenotype (R N ), the RH:Ϫ18 phenotype (Hr-negative), and the RH:Ϫ34 phenotype (Hr B -negative). The RH:Ϫ46 phenotype is limited to the Peul ethnic group in Africa. 5 Decreased expression of both C and e antigens is associated with the lack of expression of the RH46 high-incidence antigen and the appearance of the RH32 low-incidence antigen. A hybrid Ce-D(4)-Ce gene generates the R N phenotype. 6 RH:Ϫ18 and RH:Ϫ34 phenotypes were first identified by the antibodies produced. 7 Anti-RH18 and anti-RH34 react with red blood cells (RBCs) carrying the common products of the RHCE gene, but react more strongly with Rhe-positive RBCs. When the anti-RH18 is adsorbed on Rhe-negative RBCs (DccEE), the remaining reactivity is an anti-e or ce-like antibody named anti-RH19 (anti-hr S ). When the anti-RH34 is adsorbed on Rhe-negative RBCs, the result is an anti-Ce-like antibody, named anti-RH31 (anti-hr B ). [8] [9] [10] RH:Ϫ34 RBCs were recently associated with the expression of the RH20 (VS) low-incidence antigen. 11 Production of anti-RH18, anti-RH34, or anti-RH46 imposes to use equivalent rare antigennegative RBCs or deleted-Rh RBCs (Rh null or D--) for transfusion, as the antibodies may be clinically significant, especially in sickle cell disease (SCD) patients, but also during pregnancy. 10, [12] [13] [14] Despite rarity of the blood, transfusion safety may be organized for RH:Ϫ46 individuals. The phenotype is easily recognizable, therefore donor blood can be kept frozen for patients. Problems are more complex in terms of supply and demand for RH:Ϫ18 and RH:Ϫ34 phenotypes because they are not well characterized and molecular backgrounds are unknown. 15 Besides RH:Ϫ18 and RH:Ϫ34 phenotypes, numerous Rhe variants are encountered in the black population. [16] [17] [18] [19] [20] [21] Some variants are associated with the production of anti-e in a way similar to the production of anti-D by partial D individuals, the abnormality being restricted to the partial e situation. 12 Indeed, transfusion safety is also a problem for Dccee individuals producing alloanti-e, as the Rhe-negative RBCs that would be required are RhEpositive (e and E antigens have an antithetical relationship) and cannot be transfused to those RhE-negative individuals. Therefore, only similar variant or deleted-Rh RBCs can be used.
In this work, we studied the serological reactivity and the molecular background of RBCs from Rhe-positive individuals of Afro-Caribbean origin producing anti-RH18, anti-RH34, anti-e, anti-ce, and anti-Ce. We demonstrate the clinical significance of the anti-RH18 for 2 patients who encountered a lethal outcome following incompatible transfusions and evaluated the incidence of these rare alleles in a population of SCD patients. We also describe variants with a decreased expression of Rhe antigen and for which the risk of immunization against the lacking e epitopes is unknown, making transfusion counseling difficult.
Patients, materials, and methods

Samples
Blood samples from Afro-Caribbean blacks living in France were referred to our laboratory and selected for study on different bases: production of anti-Rh antibodies and/or depressed Rhe phenotype.
Samples 1 to 12 were obtained from unrelated individuals producing either an antibody reacting with all RBCs expressing the RhCE polypeptides, or allo-anti-e, anti-ce, and anti-Ce antibodies. Cord blood was available from newborns of patients 2, 3, and 7. Individuals 7, 8, and 10 were SCD patients. Patients 7 and 8 died after incompatible transfusions. DNA from the parents of individual 8 was used for molecular analysis. Samples from siblings and parents of individual 1 also were available for study.
Samples 13 to 17 exhibited a depressed Rhe antigen that was not correlated to any known alteration. There was no antibody in the serum. 
Serological analysis
For individuals 1 to 12, antibody specificity was characterized by testing sera against a panel of RBCs (CNRGS) discriminating antibodies against common immunogenic antigens by IgG indirect antiglobulin test (IAT) with nontreated and papain-treated RBCs on a gel matrix (DiaMed, Morat, Switzerland). Sera were also tested against Rh null and D--RBCs. Sera reacting with all common RBCs but not with D--and/or Rh null RBCs (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) were evaluated after adsorption on DccEE RBCs. Other rare RBCs were tested (RH:Ϫ18 and ceMO) but were not available for each serum.
Titers were evaluated for all sera against papain-treated RBCs of different phenotypes (ddccee, DCCee, DccEE) by IgG IAT. Direct antiglobulin test (DAT) and reactivity of each serum against RBCs from the antibody maker (auto-control) were performed to distinguish alloantibodies from autoantibodies. For some samples, autoadsorption studies confirmed that the antibodies were alloantibodies (data not shown).
D, C, E, c, and e status of all erythrocytes was established with routine reagents. Rhe antigen reactivity was further analyzed with separate clones (monoclonal antibodies [MoAbs]) from Serologicals (Livingston, United Kingdom): IgM (MS16, MS21, MS63, MS62, MS69) and IgG (MS70). IgG was tested using the IgG IAT on a gel matrix (DiaMed). IgMs were tested on a neutral gel matrix from the same manufacturer.
Expression of low-incidence antigens was evaluated with human sera: a serum from the CNRGS containing both anti-RH10 (V) and anti-RH20 (VS) and referred to in this study as anti-RH10/20, and a serum from the CNRGS containing only anti-RH32. Anti-RH50 (FPTT) was obtained by adsorption-elution from Mol serum. 22 The high-incidence RH46 antigen was tested with a polyclonal antibody from the CNRGS. An anti-RH19 was obtained as described by Shapiro, by adsorbing the serum of an immunized RH:Ϫ18 patient (serum of individual 1 in this study) on DccEE RBCs. 7 This anti-RH19 was tested on RBCs from patients 1 to 17.
Compatibility testing between the sera and RBCs of immunized patients was performed for individuals 3 and 5. The reactivity of serum 3 also was tested after adsorption-elution on RBCs from sample 5. Sera 1, 11, and 12 were tested against RBCs 9. ABO incompatibility, other antibodies, or the small number of samples did not allow compatibility testing for the other samples. 
cDNA sequence analysis
Reticulocyte RNAs were prepared from 50-mL whole blood as previously described. 23 RNA was reverse transcribed using the first-strand cDNA synthesis kit (Amersham Pharmacia Biotech, Uppsala, Sweden). RHCE and RHD cDNA products were amplified by polymerase chain reaction (PCR) with the Klentaq polymerase (Clontech, Palo Alto, CA), using, respectively, primer sets P1-P3 and P4-P5, then reamplified using, respectively, sets P2-P3 and P2-P5 (primers and conditions in Table 1 ). PCR was performed in a Thermocycler (Robocycler Genomic Gradient 96, Stratagene, La Jolla, CA). PCR products were subcloned into a PCRII vector (TA cloning kit, Invitrogen, Leek, The Netherlands). Recombinant clones and/or PCR products were sequenced with nested sequencing primers (Eurogentec, Herstal, Belgium) and on both strands by the DNA Sequencing Kit (Applied Biosystems, Foster City, CA). Sequences were analyzed on an automated fluorescence-based ABI Prism 310 (Applied Biosystems). Sequences were submitted to GenBank under the accession numbers bankit 464322, 464376, 464386, 464388, 4760047, and 467051.
Genomic DNA analysis
Genomic DNA was isolated from peripheral blood leukocytes with a DNA isolation kit (Wizard, Genomic DNA Purification Kit, Promega, Madison, WI).
For sequence analysis, exon-specific PCR was performed on genomic DNA. Primer sequences and conditions are described in Table 1 . The following primer sets were used: set P6-P7 for nonspecific exon 3; set P8-P9 for RHD exons 4 to 5; set P10-P9 for RHCE exons 4 to 5; set P11-P12 for RHCE exon 6; set P13-P12 for RHD exon 6 (set P13-P14 also was used to amplify RHCE exon 6 from individuals 1 to 8); and set P15-P16 for RHD exon 7. PCR products were subcloned or directly sequenced as described for cDNA analysis.
PCR assays
Allele-specific primer PCR (ASP-PCR) was designed for the detection of specific mutations in the population of SCD patients. The wild-type (indicated by *) ASP-PCR was performed in parallel to determine the homozygous or heterozygous status of the mutation. Sets P18-P17 and P18-P17* were used to detect G712 and A712*, respectively, in RHCE exon 5. Published oligonucleotides were used in the following ASP-PCR: sets P18-P19 and P18-P19* ASP-PCR detected G733 and C733*, respectively, in RHCE exon 5; sets P20-P21 and P20*-P21 ASP-PCR detected T1006 and G1006*, respectively, in RHCE exon 7; sets P22-P23 and P22-P23* ASP-PCR amplified a hybrid RHD-CE exon 3 and a RHD specific exon 3, respectively. 17 Sets P24-P25 and P24*-25 ASP-PCR were designed to detect T667 and G667*, respectively, in RHCE exon 5. Sets P26-P27 and P26*-P27 ASP-PCR were designed to detect T340 and C340*, respectively, in RHCE exon 3. For all PCR assays, an internal control was added, amplifying a common sequence of the RHD and the RHCE genes (set P28-P29).
Results
Serological analysis
Rh terminology for RH18 (Hr), RH19 (hr S ), RH34 (Hr B ), and RH31 (hr B ) is as follows: RH18 and RH34 define high-incidence antigens produced by the RHCE gene. Anti-RH18 and anti-RH34 are the antibodies produced by RH:Ϫ18 and RH:Ϫ34 individuals, respectively. As defined by Shapiro, 7 these antibodies can be distinguished after adsorption of anti-RH18 and anti-RH34 on DccEE RBCs. The remaining specificity of anti-RH18 resembles anti-e or anti-ce and is named anti-RH19. The remaining specificity of anti-RH34 resembles anti-Ce and is named anti-RH31. 7 In this study, anti-RH19 is used as a reagent that is negative with all RH:Ϫ18 RBCs but also with some rare variants of Rhe antigen. 18 We categorized blood samples of individuals 1 to 12 into 3 groups according to the antibody specificities (Table 2 ) and the RBC Rh phenotypes (Table 3) : group A: samples 1 to 8; group B: samples 9 and 10; group C: samples 11 and 12. Origin of immunization is indicated in Table 2 . A fourth group (group D: samples 13 to 17) had heterogeneous Rh reactivity (Table 3) . No antibody was detected in patients in group D, but no immunization challenge could be documented.
Group A sera (samples 1 to 8) reacted with all common RBCs. Sera 1, 5, 6, 7, and 8 were negative with Rh null and D--RBCs, indicating antibodies recognizing common RHCE gene products. Sera 2, 3, and 4 were negative with Rh null RBCs but positive with D--RBCs, indicating that sera contained antibodies recognizing the common RHCE gene products as well as anti-D. After adsorption of sera on Rhe-negative RBCs (DccEE), in all cases, the remaining antibody was an anti-e-like antibody reacting with all normal Rhe-positive RBCs. These data met criteria defined by Shapiro to identify anti-RH18. 7 Anti-RH18 specificity was confirmed for sera 3, 4, 5, 7, and 8 that could be tested negative with known RH:Ϫ18 RBCs from the SCARF. After adsorption on DccEE RBCs, anti-C also was found in sera 5 and 7. Adsorption of sera on other RBCs (data not shown) indicated that anti-E also was present in sera 1 and 6 and anti-Fy a plus anti-S in serum 7. The titer reflected for each serum the specificity of the antibodies. For serum 8, containing only anti-RH18, the titer was higher on ddccee RBCs. Sera 1 to 6 did not agglutinate their own RBCs, indicating that all the antibodies identified were alloantibodies. The auto-control and phenotype analysis were not meaningful for samples of individuals 7 and 8, who were transfused before the tests. In this group, RBCs were typed Dccee. Samples 1 to 6 had a normal reactivity with anti-Rhe routine reagents and were negative with the anti-RH19 reagent, but exhibited different patterns with anti-e MoAbs and anti-RH10/20 serum.
Compatibility testing between RBCs and sera from samples 3 and 5 showed that serum from sample 5 agglutinated RBCs from sample 3, whereas serum from sample 3 failed to react with RBCs from sample 5. When serum from sample 5 was adsorbed on RBCs from sample 3 and then eluted, the reactivity was anti-e. Variants 1 to 5 exhibited the specific profile for the DAR partial phenotype when tested with a panel of anti-D MoAbs (data not shown). 25 This result was consistent with the anti-D found in sera 2 to 4.
Group B sera (samples 9 and 10) also reacted with all RBCs tested, except those from Rh null . Serum 9 reacted with D--RBCs, indicating that an anti-D was associated with the antibody against the common products of the RHCE gene, whereas serum 10 did not react with D--, eliminating the presence of an anti-D. When sera were absorbed on Rhe-negative RBCs (DccEE), the remaining reactivity was anti-Ce. As defined by Shapiro, 7 these results suggest that sera 9 and 10 both contained anti-RH34 antibody. No RH:Ϫ34 RBCs from the SCARF were available to confirm this hypothesis. Titers reflected the antibodies determined in sera. Sample 10, which contained only anti-RH34, had a higher titer with DCCee RBCs. Furthermore, group B RBCs, typed ddCcee, had the same serological profile with anti-e MoAbs and reacted with anti-RH10/20 and anti-RH19.
In group C, individual 11 serum contained anti-e and anti-ce. Antibodies reacted with RBCs from sample 9 (considered as RH:Ϫ34) but failed to react with ceMO variant. Individual 11 RBCs, typed DCcee with weak C and weak e, were positive for anti-RH19, did not react with some anti-e MoAbs, and expressed RH32 and RH46 (antithetical for RH32). Individual 12's serum contained anti-e and anti-Ce that reacted with RH:Ϫ18 RBCs and RBCs from sample 9. Individual 12's RBCs, typed DccEe with weak e, also were negative with some anti-e MoAbs and reacted weakly with the anti-RH10/20 serum and anti-RH19.
In group D (samples 13 to 17; Table 3 ), distinct serological patterns were found. Sample 13, typed Dccee with weak e, was similar to ceMO in terms of Rhe reactivity and RH19 reactivity (RH:Ϫ19), but RBCs from sample 13 also expressed the RH50 antigen. Sample 14, typed DCcee with weak C and weak e, reacted with anti-RH10/20 (weak), anti-RH32, anti-RH46, and anti-RH19. Anti-e MoAbs defined a new reactivity profile for this RBC sample. RBCs from sample 15 typed RH:32,-46 exhibited an unusual DCcee phenotype with weak C, weak c, and weak e antigens. RH:32,-46 RBCs are classically DCCee with weak C and weak e antigens. Reactivity was weak with anti-RH19. RBCs from samples 16 and 17 reacted as samples 11 and 12 from group C, respectively.
cDNA sequence analysis
Complete sequence of RHD and RHCE transcripts were analyzed for samples 1, 3 to 6, 9 to 12, 14, and 15. Known transcripts as well as new transcripts were identified (Table 4, Figure 1 ). For individual 1, 3 different transcripts were found: (1) the DAR allele, 25 carrying 602CϾG (Thr201Arg) in exon 4, 667TϾG (Phe223Val) in exon 5, and 1025TϾC (Ile342Thr) in exon 7; (2) the ceAR allele 25 carrying 48GϾC (Trp16Cys) in exon 1; 712AϾG (Met238Val), 733CϾG (Leu245Val), 787AϾG (Arg263Gly), and 800TϾA (Met267Lys) in exon 5 and 916AϾG (Ile306Val) in exon 6; (3) the new ceEK allele, carrying 48GϾC (Trp16Cys) in exon 1; 
In this table, samples of individuals 1-12 are divided into 3 groups (A, B, C) according to similar results of Rh antibody characterization. Group D individuals (13-17) were not immunized. Immunization challenge is indicated for each individual. Serum reactivity was studied on common RBCs. When sera did not react with all common RBCs (sera 11-12: 0/ϩ), adsorption studies were not performed. For the other sera, after adsorption on DccEE RBCs, the specificity found is followed by "like" when the individual expressed the specificity of the antibody. All sera were tested on Rhnull, D--and titration performed on ddccee, DCCee, and DccEE RBCs. RH:Ϫ18 from the SCARF were tested with some sera. ceMO RBCs (typed Dccee) were not tested when an anti-D was present in the serum. Some sera also were tested with RBCs from these study ("Other RBCs"): serum 3 was tested with RBCs 5; serum 5 with RBCs 3; sera 1, 11, and 12 with RBCs 9 (defined as RH:Ϫ34 in this study). The last column indicates all the antibodies found in each serum.
nt indicates not tested. Results are represented by "ϩ" for a normal positive reaction, "w" for a weak positive reaction, and "0" for a negative reaction. "0/w" stands for reactions that may vary depending of the batch used. RH49 (STEM) low-frequency antigen expressed on some RH:Ϫ18 RBCs was not tested (serum was not available in the laboratory). 24 The molecular background indicates the homozygous or heterozygous status of the RHD gene only when it could be determined by family study or by the presence of 2 RHD genes at sequencing analysis. For the RHCE alleles, the major mutation is indicated in parentheses, except for group 1, in which mutations are multiple. ce s stands for other alleles with at least mutation at 733. Patients showed the known (C)ce s haplotype (ce s stands for a ce allele that produced the RH20 antigen and is associated with the 733CϾG mutation). 16 As described by Faas et al, 16 
and 8 (DAR-ceAR/DAR-ceAR) do not appear in this
Genomic DNA analysis
The transcript analysis was confirmed on genomic DNA (except for C48 in exon 1, very frequent in black individuals).
RHD and RHCE exons 4 to 5, RHCE exon 6, and RHD exon 7 were sequenced from individuals 2, 5, and 7. Individual 2 carried DAR, ceAR, and ceEK alleles, whereas individuals 5 and 7 carried DAR and ceAR alleles. Individual 8 genotype (DAR-ceAR/DARceAR) was deduced from genomic analysis of the parents, both who carried a DAR allele plus a normal RHD gene and one ceAR allele plus a normal ce allele.
Family study (Figure 2 ) of individual 1 (Rh phenotype and genomic sequencing) showed that DAR was in single dose and also that individual 1 inherited a DAR-ceAR haplotype from the mother and a noD-ceEK haplotype from the father.
RHCE exon 3 and exons 4 to 5 were sequenced from samples 13, 16, and 17. Individual 13 carried a ceMO allele and one hybrid ce-D(5)-ce allele. Individual 16 (with a serological profile similar to that of individual 11) carried one R N allele associated to a ceMO allele. Individual 17 (with a serological profile similar to that of individual 12) carried a normal cE allele and a ce s (340) allele. Sequencing of RHD exons 3 to 7 (in which the more frequent mutations in partial D are localized) was normal for samples 16 and 17. For sample 13, we found a normal RHD gene next to an RHD gene carrying mutations previously described in DIVa: 455AϾC and 1048GϾC mutations. RHD exon 2 was not sequenced, but expression of RH30 confirmed the hypothesis of a D IVa gene for individual 13 (data not shown).
Screening of SCD patients for rare RH alleles
Since the carriers of some rare RH alleles may develop antibodies following transfusion or pregnancy, the frequency of such alleles was estimated in a population of 146 SCD patients. For the detection of ceEK, ceAR, and ceBI alleles, the presence of the common G712 mutation was determined by a specific PCR assay. Among 6 patients carrying G712, sequencing of RHCE exons 4, 5, and 6 PCR products showed that 4 and 2 patients were found heterozygous for ceAR and ceEK, respectively. Three patients carried ceMO heterozygously, as they carried both the T667 mutation and the wild-type G667 mutation. To identify the (C)ce s haplotype and the ce s (340) allele, a first step was performed by screening the G733 mutation in RHCE exon 5. Among the 75 patients positive for the G733 mutation, one also carried T340 heterozygously in exon 3 [ce s (340) allele], and 10 carried both T1006 and a hybrid exon 3 [(C)ce s ]. Among patients carrying the (C)ce s haplotype, one was homozygous, as shown by absence of normal RHD exon 3, wild-type G1006 mutation, and wild-type C733 mutation. From these findings, we calculated the incidence of the rare alleles and haplotypes in our population of 146 SCD patients as follows: -indicates no comment.
DAR-ceEK
ceEK: 1.4%; ceAR: 2.7%; ceMO: 2%; (C)ce s : 7.5%; and ce s (340): 0.7%.
Discussion
This report shows that a variety of RHCE alleles are present in Afro-Caribbean black individuals, among which 4 are new alleles: ceEK, ceBI, ce s (340), and ce s (748). Some of the alleles found in this ethnic group are associated with the loss of immunogenic epitopes, and there is a risk of immunization if exposition to normal Rh antigens occurs. Some of the antibodies produced are clinically significant. Therefore, for efficient transfusion purposes, a complete characterization of the variants is required. Serological diagnosis of these variants is difficult, especially when different combinations of altered alleles occur. The serological and molecular data described here led us to propose a procedure to detect these variants within a population of SCD patients and black blood donors, to ensure patient transfusion safety. Clinical issues must be addressed for patients homozygous for ceEK, ceAR, ceBI, (C)ce s , ceMO, and ce s (340) or for those who are composite heterozygous, as we showed that they can produce anti-Rh antibodies. Individuals homozygous for ceAR within a DAR-ceAR haplotype can produce a clinically significant anti-RH18, as illustrated by the fatalities of individuals 7 and 8 following incompatible transfusion. In both cases, these SCD patients were first transfused with DccEE RBCs because of the presence of an antibody that reacted mainly to Rhe-positive RBCs, in addition to anti-C for patient 7. As the transfusion was inefficient, a further transfusion with DccEE blood units was decided upon, despite complete incompatibility. Hemolysis and death occurred rapidly for both patients. Patient 7 was a pregnant woman who received transfusions after a cesarean delivery. The serum obtained after the last transfusion contained anti-RH18, anti-C, anti-Fy a , and anti-S. The DAT was strongly positive (IgG and complement). The RHD gene (normal or altered), which cosegregates with these alleles, is indicated in Table 4 when known either because this report or other authors could demonstrate the associated RHD gene. was found in the sera of the 2 patients despite their partial D phenotype (DAR) and transfusion of D-positive RBCs. No rare RH:Ϫ18 blood was available. These 2 cases emphasize both the clinical relevance of anti-RH18 in transfusions in SCD patients and the difficulty identifying this antibody, as already discussed by Issitt, 9 since it may resemble an auto-anti-Rhe produced by Rhe-positive individuals at the beginning of the immunization. Individuals 4 and 5, who produced anti-RH18 through pregnancies, had the same molecular background as patients 7 and 8 (DAR-ceAR/DAR-ceAR).
The other Afro-Caribbean individuals who produced anti-RH18 in group A shared a similar Dccee phenotype but exhibited different reactivity profiles with the anti-e MoAbs and the anti-RH10/20 serum. The RHCE genes were as follows: ceAR/ceEK (individuals 1 and 2), ceEK/ceEK (individual 3), and ceEK/ceBI (individual 6). The RH haplotype was precisely defined for individual 1, for whom the family study showed one DAR-ceAR haplotype and one noD-ceEK haplotype (noD stands for no RHD gene). The ceEK allele also can cosegregate with DAR, as individual 3, who is homozygous for ceEK, carried at least one DAR allele. Since the 3 RH:Ϫ18 polypeptides encoded by ceEK, ceAR, and ceBI are distinct in terms of amino-acid substitutions (Figure 1) , it was of interest to determine if the anti-RH18 produced by individuals carrying these different alleles had exactly the same specificity. Serum of individual 3 (ceEK/ceEK) was compatible with RBCs of individual 5 (ceAR/ceAR), whereas serum of individual 5 was not compatible with RBCs of individual 3. An antibody with the anti-e specificity could be eluted from RBCs from sample 3 after adsorption of serum from sample 5. These results suggest that serum from sample 3 is defined as anti-RH18 and that serum from sample 5 had a broader specificity and contained probably the same anti-RH18 plus some anti-Rhe epitopes. No conclusion can be drawn for the ceBI allele, as no immunized homozygous individual is known. These findings add one more angle of complexity to the definition of RH:Ϫ18 individuals, as molecular background has to be taken into account to reach serological compatibility. Also, as shown in Table 2 , ceMO RBCs cannot be transfused to RH:Ϫ18 individuals producing anti-RH18 despite their common RH:Ϫ19 status (Table 3) . It has to be understood that anti-RH19 defines some but not all epitopes of the RH18 antigen because anti-RH19 is obtained from an anti-RH18 serum adsorbed on DccEE RBCs. Therefore, anti-RH19 is always negative with RH:Ϫ18 RBCs (Table 3) and also with some variants of the e antigen such as ceMO, which lacks probably some but not all epitopes lacking in RH:Ϫ18 RBCs.
Anti-RH18 was eluted from RBCs from the newborn of individual 2 (ceAR/ceEK), but no hemolysis was detected. No antibody was eluted from RBCs of the newborn of individual 3 (ceEK/ceEK). For the other newborns, only clinical data were available. They all were healthy. As opposed to the findings of another author, 10 we did not find anti-RH18 involvement in any hemolytic disease of the newborn.
Clinical issues also are to be taken into account for the other alleles described in this study, as the carriers may develop anti-Rh antibodies.
Patients 9 and 10, homozygous for the (C)ce s haplotype, produced an anti-RH34. Patient 9 was a pregnant woman. Despite the high titer of the antibodies (RH34 and anti-D), the newborn was healthy, but no biologic data (newborn phenotype, DAT) were available. Patient 10 was a young SCD patient who received only 3 transfusions (phenotype of blood units unknown) before production of the antibody. For this patient, it was strongly advised that no more transfusions occur, as the anti-RH34 titer was 128 on DCCee RBCs.
Among the immunized patients, individual 11 carried the ceMO allele next to a R N allele. We showed already that ceMO encoded a weak Rhe antigen 18 and bring evidence here that it may encode a partial Rhe antigen, as individual 11 produced anti-e and anti-ce antibodies. We showed previously that variants homozygous for ceMO or with a ceMO/cE genotype were typed RH:Ϫ19. 18 Individual 11 is typed RH:19 because the associated R N allele encodes a polypeptide expressing RH19 (Table 3) . Titers of antibodies were low, but we think that one should be cautious if transfusion occurs. Then, long-term cryopreservation of RBCs for patients 11 and 16, who carried the same ceMO/R N genotype, would be strongly recommended. The ceMO allele also was found in individual 13. For instance, individual 13 carried a ceMO allele but expressed the RH50 antigen, consistent with the presence of a hybrid ce-D(5)-ce allele. 26, 27 Although no antibody is currently present in the serum of individual 13, there is a risk of immunization through transfusion or pregnancy, because the loss of Rhe epitopes caused by the ceMO polypeptide is not compensated by the polypeptide encoded by ce-D(5)-ce (lack of epitopes detected with anti-e MoAbs). As individual 13 is typed RH:Ϫ19, it can be deduced that the ce-D(5)-ce allele produced a polypeptide lacking epitopes recognized by the anti-RH19 reagent.
The ce s (340) allele was found in individual 12, who produced allo-anti-e and allo-anti-Ce antibodies (through pregnancies). Her serum was not compatible with RH:Ϫ18 and RH:Ϫ34 RBCs (sample 9). Since this new allele was next to a normal cE allele, we postulated that ce s (340) encodes a partial e antigen that has to be taken into account when transfusion occurs. The nonimmunized patient 17 exhibited the same pattern of reactivity and similar molecular background. For individuals 12 and 17, common DccEE RBCs could be transfused, but transfusion problems will probably arise for patients carrying homozygous ce s (340) or association of ce s (340) with another allele that encodes partial e antigen. For such patients, cryopreservation of RBCs will be recommended. It must be pointed out that 340T is the same polymorphism that occurs in weak D type 17 and in weak C produced by the CeMA allele described recently. 27, 28 The evidence that ceEK, ceAR, ceBI, (C)ce s , ceMO, and ce s (340) but also R N may induce partial phenotypes with risk of immunization in blacks led us to evaluate the frequency of these alleles in a population of black SCD patients. Incidence of the corresponding rare phenotypes has been deduced from frequency of the alleles: RH:Ϫ18: 1/600; RH:Ϫ34: 1/190; partial e (ceMO): 1/2370; partial e [ce s (340) ]: 1/21 000. No R N allele was found. Since there are approximately 4000 SCD patients in France, we think that it is relevant to detect these rare phenotypes in patients and donors. The procedure shown in Figure 3 is based on RBC serological reactivity and PCR assays to detect individuals who carry a molecular background associated with a risk of immunization, such as in groups A to C. In all cases, the partial D status also has to be taken into account for transfusion safety.
In group D (samples 13 to 17), patients were nonimmunized. Clinical issues have been discussed above for patients 16 and 17, as they were similar in terms of phenotype and genotype as patients 11 and 12, respectively, but also for patient 13, who carried ceMO next to a hybrid ce-D(5)-ce allele. Two other composite heterozygous individuals have been found. Individual 15 carried one R N haplotype associated to a ce-D(4-9)-ce allele, which probably encodes only a few epitopes of both c and e antigens and no RH46 antigen. It can be assumed that the absence of RH46 antigen makes this phenotype clinically significant for transfusion. Individual 14 carried a new ce s (748) allele next to an R N allele. Alterations found in individual 14 have not been associated, so far, to the production of Rh antibodies. Therefore, transfusion counseling is even more complex because the risk is unknown.
In conclusion, we characterized rare Rh phenotypes found in black individuals as we determined the serological reactivity and the molecular background of RH:Ϫ18 and RH:Ϫ34 and of several partial e and weak e phenotypes. This is a step toward a better definition of the numerous Rh variants in the black population. We associated some of these phenotypes to the presence of alloantibodies. We underlined the clinical significance in transfusion practice of the anti-RH18 produced by black individuals carrying the DAR-ceAR haplotype at the homozygous state. These data should lead to screening studies of black blood donors to obtain rare blood units for cryopreservation. These programs should improve transfusion safety, especially in the field of sickle cell disease and hemolytic disease of the newborn.
